This study is on the determination of drying kinetics of corn and selecting proper model in microwave drying method. For this purpose, semi-mathematical models earlier specified were run with test results; the coefficients in the equations as well as X 2 , root mean square error (RMSE) and R 2 values were found and they were compared with the developed model. Also, the corn's physical and mechanical features at initial and final-drying moisture values and post-drying color parameters were specified. It was concluded according to these values that the recommended model is the best model, which can define the drying curves at the practices at 400, 550, 700 and 800 W, but Page 2 is the best model at 300 W in drying corn by microwave. It was determined according to initial and final moisture values that the reduction in moisture value causes decrease in other physical properties measured with the exception of porosity.
INTRODUCTION
Dent corns (Zea mays var. indentata Sturt.) are a cultivated plant grown for fresh and dry consumption and raw material of canned food industry. It contains 9.4 g protein, 4.2 g fat, 72 g total carbohydrates, 9 mg calcium, 2 mg iron, and 363 kcal energy per 100 g (dry) (Anonymous, 2006) . Turkey has about 550.000 ha of corn harvesting area, 3.875.000 t of corn production per annual with a yield of 7.045 kg ha -1 of corn and is therefore one of the foremost corns producing countries of the world (SIS, 2007) .
The most common methods widely used for drying are sun drying and hot-air drying (Soysal, 2004) . Compared with sun drying and hot-air drying, microwave drying is an alternative method due to the fact that it has uniform energy and high thermal conductivity to the inner sides of the material, space utilization, sanitation, energy saving, precise process control, fast start-up and shut-down conditions. It also reduces the drying time and prevents food from decomposing (Maskan, 2000; Decareau, 1985) .
*Corresponding
author. E-mail: dresref@uludag.edu.tr, dresref@gmail.com. Fax: +90(0) 224-2941603.
The study of the drying kinetic of foods during microwave heat treatment has recently been a subject of interest for various investigators. Some of the previous studies about microwave drying can be listed as; corn (Nair et al., 2011; Gabor et al., 2007; Bake, 1992; Beke and Mujumdar, 1997) , basil (Demirhan and Özbek, 2009) , apple (Askari et al., 2008) , okra , spinach , noodles (Xue et al., 2008) , garlic (Sharma and Prasad, 2006; Souraki and Mowla, 2008) , potato (Gunasekaran and Yang, 2007; Oztop et al., 2007) , bacon (James et al., 2006) , maize (Velu et al., 2006) , mint , spaghetti (Cocci et al., 2008) , tomato (Al-Harahsheh et al., 2009) , red pitaya (Nordin et al., 2008) , leek , avocado (Guzmán-Gerónimo et al., 2008) , Chilean hazelnuts (Uquiche et al., 2008) , and parsley (Soysal et al., 2006) . This study is on determination of drying kinetics of corn and selecting proper model in microwave drying method. For this purpose, semi-mathematical models specified before were run with test results; the coefficients in the equations as well as X 2 , RMSE and R 2 values were found and they were compared with the developed model. Also the corn's physical and mechanical features at initial and, final drying moisture values and post-drying color parameters were specified.
MATERIALS AND METHODS

Drying equipment and drying procedure
The drying procedure was carried out by a microwave oven (Arcelik MD 500, PRC). The values of the oven are 230 V, 50 Hz and 1200 W, and a frequency of 2450.
The procedure was carried out at 5 microwave powers, which are 300, 400, 550, 700 and 800 W.
The size of the oven is 300 x 460 x 280 mm and its rotating glass plate's diameter is 27 mm. In the tests, 250 g of corn was placed onto the glass plate and the thin layer method was applied. A digital balance (Baster, Istanbul, Turkey) was placed under the microwave oven. Weight losses were measured at every 10 s through the digital balance with the sensitivity of 1 g uninterruptedly and recorded. Energy consumption of microwave oven was determined using a digital electric counter (Alfatech, Type A016M1W0, Turkey) with 0.01 kWh precision. The tests were repeated three times and then, the means were calculated.
Mathematical modeling of drying data
In order to determine the moisture ratio as a function of drying time, 10 different thin-layer drying models were used. The moisture ratio was calculated using the following equation:
Where, MR is the moisture ratio; Mt is the moisture content at a specific time (g water per g dry solids); M0 is the initial moisture content (g water per g dry solids); Me is the equilibrium moisture content (g water per g dry solids). The equilibrium moisture content (Me) was assumed to be zero for microwave drying as stated by Dadali and Özbek (2007) .
Statistical analysis
Excel program was employed in obtaining data, their graphical assessment and obtaining regression equations. MATLAB R2008a program was employed in the determination of the coefficients, X 2 , R 2 and RMSE values for the said 10 models. Herein, the best model is defined as the one having low X 2 and RMSE values and high R 2 values. The model, which has these values, is the model, which can estimate the study best (Mengeş et al., 2005) . These statistical values are defined as follows: Işik et al. 2741 Where, MRexp,i, is the experimental moisture ratio in the test with number I; MRpre,,i, is the estimated moisture ratio in the test with number I; N is the observation number and n is the number of constants in the drying model.
Methods of determination of physical properties
The dent corn seeds used in the study were obtained from the fields of Agricultural Faculty, Uludag University. The seeds were cleaned manually to remove all foreign matter such as dust, dirt, stones and chaff as well as immature, broken seeds. All the physical properties of the seeds were determined at two moisture contents [initial moisture content 31% and final moisture content 13% d.b. (all moisture content dry basis)] with 10 replications at each moisture content. To determine the average size of the seed, 100 seeds were randomly picked and their three linear dimensions namely, length (L), width (W) and thickness (T) were measured using a digital compass (Minolta, England) with a accuracy of 0.01 mm.
The average diameter of seed was calculated by using the arithmetic mean and geometric mean of the three axial dimensions. The arithmetic mean diameter Da and geometric mean diameter Dg of the seed were calculated by using the following relationships (Mohsenin, 1970) :
The sphericity of seeds  was calculated by using the following relationship (Mohsenin, 1970) :
The one thousand seed mass was determined by means of an electronic balance reading to 0.01 g (Radwag PS 4500/C/2, Poland).
The surface area As in mm 2 of dent corn seeds was found by analogy with a sphere of same geometric mean diameter, using the following relationship (Dursun and Dursun, 2005 ):
The projected area was determined from the pictures of dent corn seeds which were taken by a digital camera (Creative DV CAM 316; 6.6 Mpixels), in comparison with the reference area to the sample area by using the Global Lab Image 2-Streamline (trial version) computer program (Işik and Güler, 2003) .
The average bulk density of the dent corn seeds was determined using the standard test weight procedure reported by Singh and Goswami (1996) and Gupta and Das (1997) by filling a container of 500 ml with the seed from a height of 150 mm at a constant rate and then weighing the content.
The average true density was determined using the toluene displacement method. The volume of toluene (C7H8) displaced was found by immersing a weighed quantity of dent corn seeds in the toluene (Yalçin and Özarslan, 2004) . The porosity was calculated from the following relationship (Mohsenin, 1970) :
The terminal velocities of seed at different moisture contents were measured using a cylindrical air column in which the material was suspended in the air stream (Nimkar and Chattopadhyay, 2001) . Relative opening of a regulating valve provided at blower output end was used to control the airflow rate. In the beginning, the blower output was set at minimum. For each experiment, a sample was dropped into the air stream from the top of the air column. Then airflow rate was gradually increased till the seed mass gets suspended in the air stream. The air velocity which kept the seed suspension was recorded by a digital anemometer (Thies clima, Germany) having a least count of 0.1 m s 1 (Özdemir and Akinci, 2004) .
The static coefficient of friction of dent corn seeds against six different structural materials, namely rubber, galvanized iron, aluminum, stainless steel, glass and medium density fiberboard (MDF) was determined. A polyvinylchloride cylindrical pipe of 50 mm diameter and 100 mm height was placed on an adjustable tilting plate, faced with the test surface and filled with the seed sample. The cylinder was raised slightly so as not to touch the surface. The structural surface with the cylinder resting on it was raised gradually with a screw device until the cylinder just started to slide down and the angle of tilt was read from a graduated scale (Unal et al., 2006) .
The coefficient of friction was calculated from the following relationship:
Where, µ is the coefficient of friction and α is the angle of tilt in degrees.
Shelling resistance was determined by forces applied to one axial dimension (length). The shelling resistance of seed was determined under the point load by using a penetrometer.
Color analysis
Color (L, a, b) of dent corns was measured by two readings on the two different symmetrical faces of the fruit in each replicate (three replicate), using a Minolta Chromameter CR-300 (Konica-Minolta, Osaka, Japan; light source: pulsed xenon lamp, port size: 229 x 91 x 60 mm, standard observer: closely matches CIE 1931 standard observer curves, measuring area: 50 mm, receptors: six silicon photocells [three to measure source illumination, three to measure reflected light] filtered to detect primary stimulus values for red, green, and yellow light) colorimeter calibrated with a white standard tile. Color analyses were made in 3 replicates. Data were analyzed by analysis of variance (MINITAB), with means significance test by LSD at p ≤ 0.05.
RESULTS AND DISCUSSION
Drying kinetic of dried corn
The initial moisture content of the corn samples was determined as 31% (w.b.) using a standard method by drying oven at 105°C for 24 h. The experiment was continued until the moisture ratio reached 13% (w.b.). During the tests, the moisture ratio of 31% reduced to 13% in 18.2, 12.5, 7.3, 6 and 5.2 min at 300, 400, 550, 700 and 800 W respectively. Alteration of the removable moisture ratio in drying corn versus time is seen in Figure 1 . ) at 300, 400, 550, 700 and 800 W respectively for reducing the moisture in corn from 31 to 13%. According to these values, the lowest energy was consumed in reducing the moisture in corn from 31 to 13% at 800 W and the highest energy was consumed for the same purpose at 300 W.
Physical and mechanical properties of corn
Width, length and thickness, which define corn size, are given in Figure 3 for two different moisture contents. According to the figure, width, length and thickness of the grain decrease as moisture content decreases. This decrease occurred depending on the variation in moisture is seen in arithmetical and geometrical diameter as well as spherical form also (Figure 3) . The same affinity is seen between the moisture ratios of 11.4 and 24.07% (Işik and Izli, 2007) .
Variations on arithmetic mean diameters, geometric mean diameters, sphericity, projected area, surface area and weight of corn versus moisture ratio are seen in important in storage of corn and machinery design, increase depending on the reduction in moisture content (31 and 13%). The critical rate value, which affects pneumatic transfer, classification by air-flow and cleaning operations, reached 5.26 at moisture content of 13% while it was 6.49 at the moisture content of 31% db. This value reduced from 24.07 to 11.4% logarithmically (Işik and Izli, 2007) (Figure 6 ). However, porosity, which is an important parameter in warehouse design, increased depending on the decrease in moisture content while rolling resistance of the corn grain on steel, rubber, aluminum, steel plate, glass and MDF reduced depending on the decrease in moisture content (Figure 7) .
Color results of the corns treated with different microwave
The effect of the microwave drying on the color of the corns was assessed by the color values on a Hunter Lab color meter by measuring the L, a, and b. L values represent the brightness of the corns. The more the value of L, the brighter is the sample. The highest b value is an indication of the yellow color content. It was seen in the color assessments on the corns dried in microwave oven at different concentrations that although very significant discolorations in corns' color compounds did not occur, this variation is statistically significant at a level of 5% (Figure 8) . The practice in which more maturity was obtained in corns according to L values was determined as control practice. The practice in which the lowest variation in color occurred according to L values among other practices is the practice at 550 W. Discoloration at 550, 700 and 800 W was slower from the point of view of red-color formation compared with other practices. According to b values, the practice at 550 W yielded the better result and discoloration was slower in this practice. Krokida et al. (2001) investigated the effects of different drying methods on the color of the obtained products. They found that color characteristics are significantly affected by the drying methods. Askari et al. (2008) Moisture content (db%) Figure 5 . Effect of moisture content on thousand mass, bulk density, and true density of dent corn seeds. It may be said according to these values that the model, used in the 9 numbered equation and recommended in this paper is the best model, which can define the drying curves at the practices at 400, 550, 700 and 800 W, but Page 2 is the best model at 300 W in drying corn by microwave. 2. The lowest energy was consumed in reducing the moisture in corn from 31 to 13% at 800 W and the highest energy was consumed for the same purpose at 300 W. 3. Thousand-grain weight (369.31 to 464.95), bulk density (463.24 to 547.443) and true density (1065.51 to 1213.175), which are especially important in storage of corn and machinery design, increase depending on the reduction in moisture content (31 and 13%). Porosity increased depending on the decrease in moisture content while rolling resistance of the corn grain on steel, rubber, aluminum, steel plate, glass and MDF reduced depending on the decrease in moisture content. 4. The practice in which the lowest variation in color occurred according to L values among other practices is the practice at 550 W. Discoloration at 550, 700 and 800 W was slower from the point of view of red-color formation compared with other practices. According to b values, the practice at 550 W yielded the better result and discolorration was slower in this practice. 
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